spective of evidence provided by radiological studies. 13 In the present study, we retrospectively reviewed our experience to provide further insights into the rate of surgical failure following PELD. Moreover, we sought to identify the associated risk factors for surgical failure, including demographic, clinical, and radiologically identified factors.
methods patient population
A consecutive cohort of 350 patients with single-level LDH who underwent PELD using the Yeung Endoscopic Spine System (Richard Wolf Medical Instrument Co.) between 2005 and 2011 were included in this retrospective study. The patients were treated at Xinqiao Hospital, Chongqing, by 2 surgeons (Y.Z. and C.L.) who used the same surgical technique at the same institution during the study period. The procedure was approved by the Ethics Committee of The Third Military Medical University, and participants provided written informed consent to participate in this study. Operative failure was defined as follows: 1) LDH that required subsequent surgery because of persistent or recurrent symptoms within 6 months after surgery; 2) no pain-free interval from the first operation to the subsequent procedure; or 3) radiological verification of remnant fragments. 13 The exclusion criteria were as follows: 1) subsequent surgery because of recurrent symptoms after more than 6 months of a pain-free period following the PELD or 2) recurrent herniation after previous open lumbar surgery at the index level.
The medical records of the patients for whom we were able to appropriately determine recurrence status were also evaluated in order to identify demographic features, including age, sex, duration of symptoms, and history of trauma. In addition, patients with surgical failure were also assessed for the presence of comorbid conditions that could potentially interfere with postoperative healing (for example, steroid use) or could possibly predispose them to recurrence based on evidence reported in the discectomy literature (for example, trauma, tobacco use, or diabetes). In the current study, designated persons (1 nurse and 1 doctor) were assigned to contact the patients via telephone and email postoperatively at 1, 3, 6, and 12 months to avoid patient loss to follow-up, so the entire cohort of 350 patients was followed up to the 12th month following surgery. Available preoperative images taken both before the initial surgery and prior to reoperation were reviewed and analyzed.
Surgical technique
As noted, we used the Yeung Endoscopic Spine System, and the procedures were performed with the patients under local anesthesia in the prone position on a radiolucent table. Prior to surgery, the patients were informed about all of the steps of the procedure. The patients could also communicate with the surgeon during the entire procedure. After the application of local anesthesia with 1% lidocaine, an 18-gauge spinal needle was inserted into the outer fibers of the annulus fibrosus along a trajectory 15° to 30° from the sagittal plane under fluoroscopic guidance. The next steps were as follows: A guidewire was inserted through the spinal needle; the spinal needle was removed, and a small skin incision was made at the entry site; a tapered, cannulated obturator was inserted along the guidewire; after touching the annulus fibrosus, the obturator was inserted into the disc after the annulotomy was performed; and finally, a bevel-ended, oval-shaped working cannula was inserted into the disc along the obturator, and then the obturator was removed. Manual discectomy was performed through the cannula under fluoroscopic guidance. The Yeung Endoscopic Spine System endoscope was inserted through the cannula, and the herniated disc was removed with a small forceps and a side-firing holmium:yttrium-aluminum-garnet laser. Homeostasis and torn fibrous annulus repair were achieved using bipolar radiofrequency (60°-65°). After removing the distinctive herniated fragment, we withdrew the endoscope and applied a sterile dressing with a one-point suture.
Statistical analysis
Only the data obtained for those patients who could be adequately evaluated for surgical failure using our proposed guidelines were included in the analysis. Patients who did not suffer surgical failure following PELD for single-level LDH were evaluated for the comorbidities previously identified. In order to identify potential risk factors associated with surgical failure, we used these findings, when available, in comparisons with the findings for the surgical failure group. Using SPSS 15.0 (IBM), the Student t-test was performed for continuous variables, and chi-square analyses and Fisher's exact tests (contingency table analyses) were used for categorical variables depending on the sample size.
results
In the 350-patient cohort, all of the patients had followup of more than 1 year since their PELD. The mean preoperative visual analog scale (VAS) scores of pain and the Oswestry Disability Index (ODI) 6 scores improved significantly from 6.6 ± 2.1 and 51.6 ± 19.4, respectively, to 1.9 ± 1.4 and 28.3 ± 12.0, respectively, 1 month postoperatively and to 1.2 ± 1.1 and 9.3 ± 7.8, respectively, 1 year postoperatively. There were significant differences between the preoperative and postoperative groups in regard to the VAS and ODI scores. Among all patients, the frequencies of analgesic medication use significantly decreased from 74.6% preoperatively to 19.7% at 1 month postoperatively and 10.0% at 1 year postoperatively (Table 1) .
We were able to definitively assess surgical failure by means of the medical record documentation or by telephone conversations and emails for all patients in the cohort. Among this group of patients, we identified 36 who suffered surgical failure following PELD (Table 2) . No other complications were present. The majority of the patients were male (61.1%), and the most common disc space involved was L4-5. Although 33 patients had returned to their preoperative level of functioning and activity before their second surgery and were operated on the initial surgical side, 3 patients who underwent second surgery on the opposite side presented with contralateral limb symptoms.
One patient reported a traumatic event that precipitated the surgical failure. Twenty-one patients presented with postoperative residual pain due to a residual herniated disc or nerve injury without having experienced a postoperative period of symptom-free relief. Thirteen patients presented with postoperative recurrent pain due to a residual herniated disc or nerve root compression following a period of symptom-free relief (mean 1.9 months, range 0 days to 6 months), and 2 patients presented with postoperative pain due to infection of the intervertebral space (at 1 month and 1 week after the first operation). The latter 2 patients were diagnosed using preoperative MRI as well as examination of their erythrocyte sedimentation rate, C-reactive protein level, and neutrophil count. Two typical cases from the cohort are illustrated in Figs. 1 and 2 .
According to the demographic factors (Table 3) , we found that patients with surgical failure were significantly older (mean age 51.3 years) compared with patients without surgical failure (mean age 44.6 years) (p = 0.005). The number and percentage of elderly patients (age ≥ 60 years) in the surgical failure group (12, 33.3%) were also significantly higher compared with patients in the nonfailure group (38, 12.1%) (p = 0.001, chi-square analysis and Fisher's exact test). An analysis of the potentially contributing comorbid conditions in patients with surgical failure indicated the presence of significantly more patients with diabetes in the failure group (p = 0.017). In terms of clinical and radiologically identified factors (Tables 4 and 5 , respectively), we found no significant differences between the surgical failure group and the nonfailure group. The failure rate during the early use of the PELD technique (Cases 1-70) was 17.1%, which then fell to 5.7% (Cases 141-210) before finally stabilizing at 10.0% (Cases 211-280 and Cases 281-350) (Fig. 3) .
discussion
The rate of surgical failure differed significantly according to the mean age, greater age (≥ 60 years), a potentially contributing comorbidity (diabetes), and the level of the LDH. The surgical failure rate following PELD for LDH was 10.3%. Although several investigators have reported outcomes for PELD, there are few reports about the failure of the procedure. Schaffer and Kambin 18 noted that 11 of 100 patients treated by PELD underwent reoperation, and, of these 11 patients, 5 had persistent symptoms after endoscopic surgery. In addition, the most common causes for subsequent surgery in the 11 patients were lateral recess stenosis, sequestered herniation, and improper placement of the working instruments. Lee et al. 13 showed that disc herniation with high-grade canal compromise and high-grade migration were associated with a significantly higher incidence of operative failure. However, these studies did not examine the demographic and clinical factors that may have resulted in or contributed to operative failure. Based on the findings of our study, the surgical results of PELD can also be affected by the ages of the patients and by potentially contributing comorbidities.
Risk factors for LDH recurrence have been previously identified in patients who have undergone open discecto- 15 showed that nonobese patients, particularly those with a relatively low body mass index, appeared to be at greater risk for recurrence following microscope-assisted tubular lumbar microdiscectomy. In addition to worse overall outcomes and prolonged hospitalizations, diabetic patients have also been found to have a higher incidence of LDH recurrence.
14 An analysis of the actual disc material found that the proteoglycans in diabetic patients' discs have a lower buoyant density than do the proteoglycans of nondiabetic patients, which could potentially lead to an increased susceptibility to disc prolapse in the former population. 14, 16, 21 Kim et al. 9 showed that mean age and body mass index among patients in the recurrence group following PELD were significantly higher than those in the nonrecurrence group (p = 0.001 and p = 0.006, respectively). This result is considered reasonable, and because older patients typically show more disc degeneration, the recurrence rate could be higher for the reasons that Cinotti et al. noted:
The remaining nucleus in the annulus is easily susceptible to prolapse when mechanically overloaded due to an annular incision during the operation. 5 In our study, in comparison with patients who did not experience surgical failure, relatively older patients, particularly elderly patients (age ≥ 60 years), were at a significantly increased risk of surgical failure. We believe that the elderly patients could not accurately express their feelings during surgery when the herniated disc was being removed, and older patients typically show more disc degeneration and severe bony degeneration. During endoscopic surgery, the surgeon's view is limited, and it is especially difficult to remove hidden fragments that are located beyond the working channel. Further, residual disc materials may be located at the contralateral or ipsilateral side, causing surgical failure. In our study, the 3 patients who presented with contralateral disc herniation after the first operation were all elderly patients.
With respect to the clinical and radiologically identified factors that affect surgical failure, Kleinstueck et al. 10 noted that patients with more back pain showed significantly worse outcomes after decompressive surgery for LDH. This finding fits with general clinical experience but has rarely been quantified in the many predictive studies that have been conducted to date. Suzuki et al. 20 have reported that uncontained herniation and migrated herniated nucleus pulposus are the most important risk factors for motor deficit in LDH and that severe motor deficits and uncontained herniations are associated with delayed recovery. In the current study, we found no clinical or radiologically identified risk factors for surgical failure following PELD. In our study, there were few cases with concurrent osseous lateral recess stenosis, which could be regarded as a technical limitation. 3 As reported elsewhere, 7,22 a herniated fragment is accessible only when the surgical instrument is placed in the optimal trajectory. This indicates that the adequate removal of a large herniation via the percutaneous endoscopic technique is technically demanding and can be affected by the surgeon's experience. As mentioned previously, an experienced endoscopic surgeon may be able to overcome some of the obstacles regarding herniations and thus may avoid high failure rates. Data from our study support this observation.
conclusions
We performed 350 consecutive single-level PELDs and found definitive surgical failure in 36 (10.3%) of the 350 patients about whom we were able to ascertain surgical failure status via a medical chart review. Older patients, particularly elderly patients (age ≥ 60 years), patients who presented with diabetes, and patients who underwent PELD early in our series were at increased risk for surgical failure of PELD.
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